
Journal of Law and the Biosciences, 754–767
doi:10.1093/jlb/lsv029
Response
Advance Access Publication 14 July 2015

The regulation of cognitive enhancement
devices: refiningMaslen et al.’s model
HannahMaslen,Thomas Douglas, Roi Cohen Kadosh,

Neil Levy and Julian Savulescu∗

TheOxford Uehiro Centre for Practical Ethics, University of Oxford, Oxford, UK
∗Corresponding author. julian.savulescu@philosophy.ox.ac.uk

ABSTRACT
Our (2014) model for the regulation of cognitive enhancement devices
(CEDs) received a great deal of interest from those involved in European
device regulation and fromacademic commentators. Further, since thepub-
lication of our recommendations, the number of manufacturers of brain
stimulation devices for non-medical purposes has increased, underscoring
the need for a regulatory response. In this paper, we clarify aspects of our
original proposal and address additional regulatory issues beyond our origi-
nal focus on the sale of devices.We begin with theoretical points pertaining
to the definition of a CED and the distinction between treatment and en-
hancement. We then respond to practical challenges raised by the prospect
of implementing our regulatory framework. Next, we address some wider
societal considerations relating to users and other stakeholders. Finally, we
revisit the broader regulatory context within which the various discussions
are situated.
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Our paper, The Regulation of Cognitive Enhancement Devices: Extending the Medical
Model, was published inMarch 2014. In that paper, we argued that the sale of cognitive
enhancement devices (CEDs)—such as transcranial direct current stimulators (tDCS)
and transcranial magnetic stimulators (TMS)—should be regulated under medical
devices legislation (for instance, the Medical Devices Directive (MDD) within the
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European Union). We made further suggestions as to how such incorporation could
be achieved and how devices should be assessed.

Following the publication of our paper, we received a great deal of interest in our
proposals, both from those involved in European medical device regulation and from
academic commentators. Furthermore, during this time, the number of manufacturers
of brain stimulation devices for non-medical purposes has increased, underscoring the
need for a regulatory response. In this present paper, we respond to suggestions and cri-
tique presented in five peer commentaries that appeared in the Journal of Law and the
Biosciences. In providing this response, we hope to clarify aspects of our original pro-
posal and comment on our current position regarding the regulatory change currently
being effected at the European level. The commentaries were constructive, advancing
debate and highlighting many additional regulatory issues beyond our original focus
on the sale of devices. Since we do not have the space to reply at length to every point
made in the commentaries, we select and discuss the more prominent points of dis-
agreement, rather than celebrating the many points of agreement. We begin with the
more theoretical points, moving through the practicalities of implementation, to wider
societal considerations, finally revisiting the broader regulatory context within which
the discussions are situated.

We first address conceptual points pertaining to the definition of CEDs and the dis-
tinction between treatment and enhancement, clarifying our view and isolating the fea-
tures that have implications for the regulation of CEDs. We then turn to discussion of
how consumers respond to and evaluate risk, underscoring the need for regulators to
develop the framework against this background. We then reexamine what this frame-
work should look like, responding to the related challenges from commentators that
risk should be the sole consideration and that benefits of enhancement are difficult to
measure. Next, we interrogate three societal concerns that extend beyond the struc-
ture and details of the regulatory framework: first, that our model does nothing to reg-
ulate the misuse of neither direct-to-consumer nor homemade devices, second, that
prohibitive regulation might create barriers to reaping the net societal benefits that
CEDs could offer and, third, that healthcare resources would bemisused if CEDs were
broughtwithinmedical devices legislation. Finally, we revisit the current European reg-
ulatory landscape to highlight the continued existence of a regulatory gap and the time-
liness of the discussion of our proposals.

1. THEORETICAL ISSUES

1.1DefiningCEDs and distinguishing between treatment and enhancement
De Ridder, Vanneste, and Focquaert address concerns relating to the definition of a
CED and the distinction between treatment and enhancement.1 They raise a number
of problems with the treatment-enhancement distinction and suggest that we need to
ask ‘whether we are prepared to change the definition of health used by the Medical
DevicesDirective’.There are in fact three questions raised here.The first is whether our
proposal requires a robust characterization of the treatment-enhancement distinction,
the second is whether our suggestions, as we intended them, actually involve changing

1 Dirk De Ridder, Sven Vanneste & Farah Focquaert, Outstanding Questions Concerning The Regulation Of
Cognitive Enhancement Devices, 1 J. L. & BIOSCI. 316–21 (2014) (p. 317).
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the definition of heath implicit in the MDD (there is no explicit definition), and the
third is whether the mere inclusion of CEDs within the MDD will have the de facto
effect of changing the implicit regulatory concept of ‘health’ or ‘treatment’.

In response to the first question, we would maintain that it is in fact an advantage
of our approach that it minimizes the importance given to the treatment-enhancement
distinction and thus diminishes the need to characterize it in a way that is immune to
criticism. On our approach, devices intended for enhancement are regulated in a simi-
lar manner to therapeuticmedical devices.Thus, if some enhancement devices aremis-
classified as therapeutic devices, or vice versa, this will not have major implications for
their regulation.Whatmatters, fromour perspective, are risks and benefits. By contrast,
some alternative approaches, including the one recommended by De Ridder and col-
laborators,would regulateCEDsand therapeuticmedical devices quite differently,with
the result that misclassification would have more significant regulatory effects, since
devices regulated under the General Product Safety Directive alone are held to less
specific and less stringent standards. In short,we agree that the treatment-enhancement
distinction is problematic—and some of us have elsewhere rejected it2—but we be-
lieve a desire to mitigate the problems it raises counts in favor of our approach, not
against it.

We would also dispute the suggestion that our approach requires any modification
to the concept of health. Our proposal was not to ‘change the definition of health’ (nor
‘treatment’) but, rather, to bring some non-therapeutic devices, which do not aim to
improve health problems, within the remit of the MDD. Our proposals involved leav-
ing the definition of a medical device used by theMDD unaltered. CEDs would not be
medical devices on the MDD definition. Instead, an ancillary positive list is proposed
to bring specific deviceswith a non-medical purposewithin the remit of theMDD along-
side those devices defined as medical devices according to the criteria employed in the
Directive. By proposing an ancillary list for specific cognition-affecting devices with-
out a medical purpose, we in fact reinforce the concepts (ie medical and non-medical)
underpinning the European Commission’s proposed creation of Annex XV for im-
plantable and other invasive devices for which the manufacturer claims only a non-
medical purpose.3 We proposed that this list should be extended to include non-
invasive neuromodulation for non-medical purposes.

However, the third implicit question indeed requires consideration: Will there be a
de facto change inwhat ismeant by ‘health’ and ‘treatment’ if CEDs are regulated under
the MDD? Arguably, the mere association of CEDs with therapeutic medical devices
could result in an expansion of the concepts of treatment and health.This is, of course,
an empirical question. The possible implications of a shift in what is seen as ‘health-
related’ or ‘therapeutic’ are addressed later in De Ridder, Vanneste, and Focquaert’s
commentary.There, they suggest that medical device regulation might underscore the
‘illusion’ that devices are beneficial.This is indeed an important concern. However, we
suggest that the idea that tDCS and TMS techniques can yield cognitive enhancement

2 See Julian Savulescu, Genetic Interventions and the Ethics of Enhancement of Human Beings 516–35 (Bonnie
Steinbock ed., 2007); M. Dunlop & J. Savulescu, Distributive Justice and Cognitive Enhancement in Lower,
Normal Intelligence, 32 MONASH BIOETHICS REV. 189–204 (2014).

3 See at 116, http://ec.europa.eu/health/medical-devices/files/revision docs/proposal 2012 542 en.pdf (last
accessedMay 28, 2015).

http://ec.europa.eu/health/medical-devices/files/revision_docs/proposal_2012_542_en.pdf
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in healthy adults is not a mere illusion.4 Further, we suggested that regulatory approval
of moderately risky brain stimulation devices should be dependent on evidence of at
least some degree of ‘performance’.5 In this respect, it would be important to notify
consumers explicitly on which population the CED has shown to be beneficial while
reminding that it can be ineffective or detrimental to other populations.6 Regulation
would therefore go some way towards ensuring that effects are not illusory for those
devices that are approved (although individuals could believe effects to be bigger than
they are). Whilst we concede De Ridder, Vanneste, and Focquaert’s point that there is
currently ‘no substantive evidence thatCEDsproduce lasting effects outsideof research
and clinical settings’ (p. 320), there is a wealth of scientific research that provides proof
of concept for the cognitive enhancing effects of tDCS and TMS techniques. That the
CEDs on themarket have not been subject to objective assessment is part of the reason
why regulation is needed and counts in its favor.

Kuersten and Hamilton also raise concerns about our definition and characteriza-
tion of CEDs.7 They argue that contemporary scholarship shows no serious harms as-
sociated with the use of neurofeedback or tDCS. In response to this, we wish to point
out—particularly in relation to active devices used for tDCS and TMS—that, whilst
devices have indeed been use safely in the laboratory, and the regulated devices that
researchers use in such contexts are indeed conducive to safe use, these facts do noth-
ing to ensure that the unregulated devices on sale for enhancement exhibit the same
safety profile. First, the exclusion criteria for brain stimulation research are muchmore
conservative than marketed exclusion criteria. Second, while brain stimulation exper-
iments lasts usually between a single session to a dozen (the latter is a relatively rare
scenario), there is not safety data on the usage of brain stimulation over a long period
of time such asmonths or years. Essentially, regulation is needed to ensure that devices
sold for enhancement are as similar as possible to those devices about which Kuersten
and Hamilton make their safety claims.

Indeed—and to illustrate the point from another perspective—Fitz and Reiner
raised concerns about the foc.us device in their commentary:

the internal electrodes exceed the general safety guidelines for current density at all stim-
ulation levels, the voltage limits do not behave as specified in the manual, the device be-
haves unpredictably when its connection to the head is lost, and under some circum-
stances the foc.us can generate small voltage current spikes.8

Accordingly, we emphasize: just because tDCS can be safe does not mean that all of
the particular devices on sale are meeting the same level of safety.

4 Roi Cohen Kadosh,Using Transcranial Electrical Stimulation to Enhance Cognitive Functions in the Typical and
Atypical Brain, 4 TRANSL. NEUROSCI. 20–33 (2013); Eran Dayan et al., Noninvasive Brain Stimulation: From
Physiology to Network Dynamics and Back, 16 NAT. NEUROSCI. 838–44 (2013).

5 Performance is the medical devices analog of ‘effectiveness’.
6 Amar Sarkar, Ann Dowker & Roi Cohen Kadosh, Cognitive Enhancement or Cognitive Cost: Trait-Specific Out-

comes of Brain Stimulation in the Case of Mathematics Anxiety, 34 J. NEUROSCI. 16605–10 (2014).
7 Andreas Kuersten & Roy Hamilton, the Brain, Cognitive Enhancement Devices, and European Regulation, 1 J. L.

& BIOSCI. 340–47 (2014) (p. 325).
8 Nicholas S. Fitz & Peter B. Reiner, Buttressing Regulation of Cognitive Enhancement Devices With Principles Of

Harm Reductio, 1 J. L. & BIOSCI. 322–27(2014).



758 � The regulation of cognitive enhancement devices

Further, at the end of their commentary, and perhaps in tension with their asser-
tion that the sorts of CEDswe discuss present no significant risks, Kuersten andHamil-
ton say that low-risk devices should not be excluded from on-going oversight, since ‘so
much concerning the brain, what affects it, and how remains unknown’ (p. 347). We
wish here to emphasize that low-risk devices, as we envisioned them,would typically be
non-active devices such as neurofeedback equipment, which they correctly claim pose
no risks qua devices (see below). Given their comments on the safety of neurofeeback,
especially considered simply as a device, wewould be surprised if they would think that
such equipment required on-going oversight. Thus, even if there is room to disagree
about whether CED is the right label for non-active devices (as we discuss below), we
in fact seem to agree on the lack of need for the continual regulation of low-risk devices,
such as those that do not transfer energy through the skull.

Kuersten andHamilton object to our inclusion of neurofeedback as aCED.We con-
cede that neurofeedback equipment might not constitute an archetypal enhancement
device. However, in offering our definition of CEDs, wewere not aiming to provide the
definitive view on what does and what does not fall within this category. Our interest
in offering a definition was only to facilitate identification of a class of non-therapeutic
devices that should receive regulatory attention and, on that definition, neurofeedback
plausibly does qualify as a CED.

Note also that doubts about whether neurofeedback equipment qualifies as a CED
onaprecise understandingof that termcould alsobe raised regarding tDCSequipment,
which Kuersten and Hamilton believe does qualify. They argue that ‘what actually af-
fects the brain is therapy usedwith [neurofeeback equipment]’ (p. 341). But tDCS also
only enhances cognitive performancewhencombinedwith cognitive training exercises,
so could be excluded from the category of CEDs on similar grounds.9

Nevertheless, Kuersten andHamilton are right to highlight that tDCSdirectlymod-
ulates brain activity whereas neurofeedbackmodulates it through psychological mech-
anisms.Wehave no problemwith the suggestion that this is a significant difference, and
indeed it informs our suggestion that tDCS andTMS should be classed as IIa or IIb de-
vices, due to their active nature, and neurofeedback should be in class I, if regulated
at all.

Kuersten and Hamilton next argue that including CEDs under the definition of a
medical device would not result in our suggested problem of overbroadness (which we
suggestedwould occur if the definition of amedical devicewere to be altered), since de-
vices, they claim,would be limited by the definition to those that ‘investigate, replace or
modify the anatomy or a physiological process’.Their claim is based on the assumption
that CEDs could fall under the definition as it is currently articulated.

However, it was the possibility that an altered definitionwould be overbroad that we
thought counted in favor of a supplementary positive list. In setting out our proposals,
we worked on the assumption that the current definition did not in fact capture CEDs
(due to the principal criterion that a medical device be intended to treat, prevent or di-
agnose) and that changing the definition to remove this principal criterion across the
board would have the result that it would then be overbroad. If the principal criterion

9 Roi Cohen Kadosh, Modulating and Enhancing Cognition Using Brain Stimulation: Science and Fiction, 27 J.
COGN. PSYCHOL. 141–63 (2015); Marinella Cappelletti et al., Transfer of Cognitive Training across Magnitude
Dimensions Achieved with Concurrent Brain Stimulation of the Parietal Lobe, 33 J.NEUROSCI. 14899–907(2013).
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were simply that amedical device investigate, replace ormodify the anatomy or a phys-
iological process then all sorts of devices would fall under the remit of theMDD—from
earrings to nail extensions. Indeed, the EuropeanCommission used precisely this argu-
ment to support the creation of a positive list of implantable or other invasive devices
without a medical purpose.10 According to their Impact Assessment OnThe Revision Of
The Regulatory Framework For Medical Devices, the definition of a medical device stipu-
lates that it be intended for treatment, prevention or diagnosis, and the removal of this
criterion would result in overbroadness, making a positive list the preferred solution in
the case of certain cosmetic devices.11 Our argument for an analogous list for CEDs is
based on the assumption that the European Commission is correct in its understand-
ing of theMDD and the implications of the current and possible definitions employed
therein.

2. PRACTICALITIES AND STRUCTURE OF THE REGULATORY
FRAMEWORK

2.1Consumer approach to risk
Fitz and Reiner broadly support our proposals and endorse our central claim, viz. that
the regulatory framework for medical devices should be extended to include CEDs.12
Nevertheless, they raise a concern about the ability of CED users to evaluate the risks
of CEDs, saying that ‘evidence that consumers are in a strong position to evaluate the
risks associated with CED use is lacking’ (p. 323).

Whilst we agree that consumers will not be perfect rational calculators, we empha-
size that our proposals would eliminate devices from the market that were manifestly
dangerous or farmore dangerous than needed to serve their intended function. In addi-
tion, our liberal view is committed to the contention that allowing some room for error
in consumers’ weighing of benefits vs. risks in relation to their individual well-being can
be a justifiable cost of allowing individuals greater autonomy and freedomof action.We
stress also thatwhat the risks of devices are—their nature and likelihood—is something
that would, in line with the procedure formedical devices, be assessed by a group of ex-
perts prior to approval for the market. This information would have to be disclosed on
product labeling and instructions.

So, although we agree that leaving some room for consumer valuation of risk leaves
open the possibility that individuals will not factor this carefully into their decision
whether to use a product, we contend that this is an acceptable cost of a liberal approach
to regulation. Further,wewould like to emphasize that the current lackof regulation im-
plicitly signals to home users that there are no real concerns with CEDs, as otherwise
they would have been regulated—ie the perception is likely to be that, given the lack of
regulation, there are no risks for consumers to evaluate at all. Thus, even if consumers
are not perfect risk calculators, the current situation it likely to bemoremisleading than
one in which risks have been identified by regulators.

10 http://ec.europa.eu/health/medical-devices/files/revision docs/revision ia part2 annex1 en.pdf (last ac-
cessedMay 28, 2015).

11 Id. at 11.
12 Fitz & Reiner, supra note at, 322, 327.

http://ec.europa.eu/health/medical-devices/files/revision_docs/revision_ia_part2_annex1_en.pdf
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King,Gavaghan, andMcMillanprovide an interesting critiqueof ourproposals relat-
ing to consumer assessment of CEDs, and in particular their risks and benefits.13 They
agree that the concept of medical benefit is not always appropriate for CEDs (espe-
cially where designed and sold only for enhancement) and that well-being would be the
theoretically appropriate construct when assessing such CEDs. However, they suggest
that well-being, harm and risk are difficult to assess in the pre-market approval process
and raise a particular concern about the phenomenon of ‘risk compensation’.The cen-
tral feature of this phenomenon is that some individuals have a propensity for taking
a certain level of risk and will increase the riskiness of what they are doing until this
propensity is met. They therefore challenge the assumption that pre-market approval
will make the use of CEDs safer overall, especially in the context of experimental home
use. They suggest that, where users are determined to use devices in a risky way, they
will do so despite safety standards.

In response to this, we raise a point of empirical uncertainty, and emphasize
what can still be achieved through regulation, despite the phenomenon of risk
compensation instantiated in some individuals. It might be true that people will tend
to fulfill their propensity for a particular total amount of risk in their lives, but it is un-
clear whether they do this by assuming superfluous risk to achieve a particular goal or
seeking further risky goals. Perhaps, as King and colleagues suggest, achieving one goal
more safely allows one to assume additional risk in relation to other pursuits. However,
a risk quotamight also bemet by increasing ormaintaining the level of risk one exposes
oneself to in pursuit of one’s current primary goal. Which is the case is likely to depend
on the number of goals one believes to be valuable to pursue. If CEDs are made safer,
would users with high risk thresholds seek to obtain riskier devices, or would their risk
quota be freed up to pursue additional risky activities?

The question is essentially whether individuals tend to increase riskiness across all
activities until their risk propensity is met, or whether they increase the riskiness of every
activity to some threshold level for each activity, regardless of how superfluous this risk
may be. If the former, risk reducing regulation could still have benefits in the form of
facilitating pursuit of other risky, but perhaps all-things-considered valuable, activities.

Even if individualswith a high risk threshold are inclined to practice riskier use as the
device itself becomes safer, we assume that King and colleagues would agree that it is
still better that the devices available pose as low a risk as possible to achieve their effects,
and that unjustifiably dangerous devices are prohibited from placement on themarket.
Requirements for safe design could, to some extent, further promote safe use—eg by
using failsafe mechanisms, audible warnings, and limits on stimulation duration and
strength. An individual’s propensity to take risks with a product does not render con-
sideration of that product’s safety redundant. By analogy, just because some individuals
routinely drive dangerously, this does not negate the need to try to make cars as safe as
possible. It is also important to emphasize (as King et al. indeed acknowledge) that not
all individuals engage in risk compensation. Even if those engaging in risk compensa-
tion reap no overall benefit from making CEDs safer, failing to minimize risks would
unfairly jeopardize those who do not so compensate.

13 Mike King, Colin Gavaghan & John McMillan, Medical Regulation Of Cognitive Enhancement Devices: Some
Concerns,1 J. L. & BIOSCI. 334–39 (2014).
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2.2 Regulatory focus on risk and the difficulty ofmeasuring enhancement ‘benefits’
Johnson, Gillett, and Snelling suggest that the most convincing argument in favor of
our position is based on the regulatory assessment of risk, which they believe should
be the sole consideration in pre-market assessment.14 We suggest here that our respec-
tive proposals are not as different as they may have seemed, as we proposed that risk
should be the primary regulatory concern. However, we diverge from the position ad-
vocated by them in our contention that objective improvements to cognitive capacities
are amenable and relevant to assessment.

Johnson, Gillett, and Snelling propose that regulators should define the ‘baseline’
(or, we infer, ‘upper limit’) level of risk that society feels an individual should be able
to take (eg skydiving or climbing), and then require manufacturers to quantify risks
only.They argue for this position by pointing out that when technologies are new, and
particularly when new technologies are used for an innovative application, variation in
the effects on individuals and useful endpoints my not be obvious ab initio. Our first
response is to note that the same applies for risks—novel applications may present
novel and variable risks that are as difficult to predict as the cognitive improvements
onemight obtain from such applications. Our second response is to emphasize that the
model we proposed is actually quite close to a risk-only model; at least, it is a risk-first
model.We suggestedusing risk as theprimarywayof categorizing adevice and that ben-
efits should only be considered in terms of objective improvements—eg demonstrated
improvements in a cognitive capacity, such workingmemory—which are precisely the
sorts of effects about which manufacturers make their claims.

Importantly, this consideration of objective benefit is not intended to downplay the
broader benefits that an individual might attain from using a device. Whilst objective
benefits can be considered, they must not be thought to constitute the only determi-
nants of well-being. Nonetheless, regulators should still ensure that consumers are pro-
vided with information on objective benefits. Indeed, the distinction between ‘thick’
and ‘thin’ considerations of well-being drawn by King, Gavaghan, andMcMillan is illu-
minating in this regard. Thin well-being, they say, consists only in ‘all-purpose goods’,
whereas a thick well-being incorporates the individual agent’s conception of value and
his particular circumstances.This applies to effects in both directions. An objective im-
pairment in, say, verbal working memory (that occurs as a trade-off of an objective im-
provement in, say, visuospatial workingmemory),will present the very same challenges
for quantification, despite such impairment constituting a risk rather than a benefit. To
the extent, as the risk only model assumes, that objective risks can be quantified (and
impairment in verbal working memory indeed permits such quantification) objective
benefits along the same sorts of dimensions can also be quantified).

Further, we suggested that roomshould bemade to account for the difficulty ofmea-
suring effects (positiveornegative)on thickwell-being.Ourproposalwas that, once the
manufacturer hadmade it clear what the objective benefits and risks are formoderately
risky devices, the consumer should have the freedom to decide whether that benefit–
risk ratio is acceptable for them (for example, because they expect it to result in a net
gain in thick well-being). On the other hand, we proposed that high-risk devices, pre-
senting risks that might be classed ‘all-purpose bads’ (eg a high risk of seizure), should
14 Reuben Johnson, Grant Gillett & Jeanne Snelling, Regulation of Cognitive Enhancement Devices: Commentary,

1 J. L. & BIOSCI. 328–33 (2014).
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be prohibited for sale on the consumer market. Whatever the individual’s life plans, in
the preponderance of cases of healthy adult use, a seizure is unlikely to promote these
plans.15 Where there is scope for disagreement about the value of an effect—for exam-
ple as to whether a small impairment in verbal working memory is a reasonable price
to pay for a similarly sized improvement in visuospatial working memory—regulation
should err on the side of allowing consumer freedom. Level of acceptable risk therefore
plays a greater role than quantification of benefits in our overall framework.

As an objection to our model, King, Gavaghan, and McMillan present the example
of the surgical insertion of a ventriculoperitoneal shunt to treat normal pressure hy-
drocephalus.They note that this would be a high-risk procedure on our proposals, as it
comes with the risk of seizures, stroke, paralysis, and death. Moreover, there has never
been a comprehensivemulticenter randomized controlled trial to demonstrate the per-
formance of this product. This is thus a high-risk procedure for which there is no good
evidenceof benefit.Nevertheless, they seem to suggest, theuseof this procedure should
be permitted. It might seem, then, that consistency requires permitting the use of some
high-risk CEDs as well, calling into doubt our claim that high-risk CEDs should not be
allowed on the market.

In response, we would note that patients with normal pressure hydrocephalus typ-
ically have much more to lose from non-intervention than do healthy individuals con-
sidering whether to employ CEDs. Indeed, one might think that advancing dementia
is amongst the worst fates that might befall a person.There is thus a case for tolerating
much greater risk in devices intended to treat this condition than in CEDs.

King and collaborators also use the ventriculoperitoneal shunt example to suggest
that it may not be practical to enforce the provision of evidence-based measures of ef-
ficacy to consumers for CEDs. In response to this, we emphasize that we do not have
in mind a requirement such that each manufacturer must perform a randomized con-
trolled trial using their device. Research investigating tDCS and TMS in healthy adults
is demonstrating efficacy, and we envisage that manufacturers should be required to
show how their device complies with design parameters equivalent to those that have
been shown in the scientific literature to produce enhancement effects. For example,
devices with electrodes positioned in locations on the scalp that have no evidence of
producing the particular effect claimed by the manufacturer should not be approved
for sale alongside such claims.16 Manufacturersmust be able to identify a credible body
of scientific literature that supports the claimed efficacy and safety, given the product’s
characteristics—electrode location, stimulation intensity, duration, and so on. Further,
we agreewithKing,Gavaghan, andMcMillan thatmanufacturers should be required to

15 The possibility that a seizure might provide some benefit is conceivable in only very particular cases of mental
disorder, wherein the prescription and oversight of the intervention would strictly be confined to treatment in
the medical context. For example, trials have shown the efficacy of magnetic seizure therapy for treatment-
resistant depression (See for example, Sarah Kayser et al., Magnetic Seizure Therapy In Treatment-Resistant
Depression: Clinical, Neuropsychological And Metabolic Effects, 45PSYCHOL. MED. 1–20 (2014). However, the
inducement of seizures is not a purpose appropriate for an over-the-counter CED that is used as a CED. In the
context of healthy adults, such an effect will likely constitute an ‘all-purpose bad’, in the sense that implies the
opposite of an ‘all-purpose good’.

16 For example, the first model of the foc.us device used amontage not proven to achieve the effects on focus that
the manufacturers claimed.
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state clearly the lack of evidence for any unsubstantiated claims, if they are to be allowed
to make them at all.

Kuersten andHamilton also comment on the risk–benefit assessment of CEDs, and
the standard to which we proposed they should be subjected. They argue that there
is a lot of room for maneuver in the MDD to assess ‘acceptable risks when weighed
against the benefits’ (p. 346). This is true, but we nonetheless think a framework for
assessment is helpful, especially when the devices in question purport to offer ‘non-
medical’ benefits, a concept for which medical device regulators have little precedent.
Indeed, we argued against adopting the approach originally suggested by the MHRA
for cosmetic devices, which is very risk-averse: according to their approach suchdevices
must present ‘no or theminimum acceptable risk’, as they confer no ‘clinical benefit’.17

Conceding that some framework could be helpful, Kuersten and Hamilton suggest
that, because the concept of benefit is ‘nebulous’, in the case of CEDs, only risk should
matter for pre-market approval. In fact, as discussed above, we are broadly in agree-
ment with such a position—benefits become increasingly harder to quantify and assess
as they move beyond the sorts of benefits that enable individuals to pursue the stan-
dard range of activities most people wish to pursue. For example, not being in great
pain would count as a benefit for most people, regardless of what they valued, but a
small improvement to mathematical ability, for example, would not permit such evalu-
ative consensus. As noted above, our inclusion of regulatory consideration of benefits
for moderately risky devices was intended only to refer to objective improvements—
about which consumers should not bemisled. For example, if manufacturers claim that
their device improves, say, the user’s linguistic fluency, this is a claim that can be tested
and measured objectively. How ‘beneficial’ such an objective improvement is to any
particular personwill vary depending on their goals, but therewill be a fact of thematter
about whether the device is able to confer such an improvement aside from the subjec-
tive question of how valuable this improvement might be. Certainly, we would advo-
cate regulating the claims thatmanufacturersmake in relation to what their devices can
achieve. However, far from our proposals being ‘overly paternalistic’, we argued that
where there was room for disagreement about how to quantify a benefit in relation to
risks, regulation should err on the side of consumer freedom.

3. WIDER SOCIETAL CONSIDERATIONS

3.1Do-it-yourself tDCS andmisuse of devices
Further to their concerns regarding individuals’ abilities to weigh risks, Fitz and Reiner
emphasize the remaining problem of ‘do-it-yourself’ (DIY) users who, in construct-
ing devices from scratch, will be afforded no protection by the regulation of direct-
to-consumer devices. One of their proposals, with which we agree, is to bolster our
recommendations with additional attempts at ‘active harm reduction’.18 They suggest

17 MHRA, The Revision Of European Legislation on Medical Devices, Nov. 2012, http://webarchive.
nationalarchives.gov.uk/20141205150130/http://www.mhra.gov.uk/home/groups/comms-ic/documents/
publication/con205362.pdf (last accessedMay 28, 2015), 10.

18 This proposal was discussed and endorsed by some of us in our respective talks at the Institute of Medicine’s
‘Non-Invasive Neuromodulation of the Central Nervous System’ workshop (Mar. 2–3, 2015, Washington
DC); Hannah Maslen, ‘Neuromodulation and Unsupervised Use’; Roi Cohen Kadosh, ‘Non-Medical and
Investigational Uses’.

http://webarchive.nationalarchives.gov.uk/20141205150130/http://www.mhra.gov.uk/home/groups/comms-ic/documents/publication/con205362.pdf
http://webarchive.nationalarchives.gov.uk/20141205150130/http://www.mhra.gov.uk/home/groups/comms-ic/documents/publication/con205362.pdf
http://webarchive.nationalarchives.gov.uk/20141205150130/http://www.mhra.gov.uk/home/groups/comms-ic/documents/publication/con205362.pdf
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thatmembers of the professional community could join together to create an ‘inclusive
online community’, where information could be gathered and disseminated with pro-
fessional oversight. We are broadly sympathetic with much of what they propose and
would support the creation of an inclusive online community, were there to be suffi-
cient expert interest in creating and maintaining it. Indeed, we are currently exploring
how expert advice could be dispensed via existing fora, such as Reddit.19

De Ridder, Vanneste, and Focquaert also raise the problem of unsupervised use and
suggest potential solutions in the formof age limits, safety-by-design, and requiringuser
licenses. We agree that the unsupervised use of CEDs needs consideration, but do not
agree that this should lead to their apparent conclusion that we should regulate the use
ofCEDs rather than their placement on themarket.Thefirst taskmust be to ensure that
the devices that people use (unsupervised or otherwise) are not unnecessarily danger-
ous or simply defective by design.This can be achieved for example through European
medical device law, which focuses on premarket requirements and reporting on post-
market experience, even though it does not regulate use (apart from requirements re-
lated to the instructions the manufacturers must provide). There is no point carefully
regulating use if the devices being used are not safe to begin with. Further, the authors’
suggestion thatCEDs should bemade safe by design requires enforcement beyond that
granted by the General Product Safety Directive, and this is precisely the sort of thing
that could be achieved by a model of the sort we propose.

3.2 Prohibitory effects of regulation and barriers to societal benefits
De Ridder, Vanneste, and Focquaert raise the concern that the societal benefits of en-
hancement might be lost if devices are in fact effective but regulated. In relation to this,
we emphasize that the regulation we advocate is not akin to prohibition. To the extent
that our proposals would prevent devices from being placed on the market, this would
be limited to very dangerous devices or devicesmaking implausible claims—hardly the
sorts of devices that would confer net societal benefits.The important point that many
other commentators on our model appear to overlook is that the effectiveness of brain
stimulation techniques as a type of intervention does not guarantee the effectiveness of
particular token devices claiming to be of this effective type. Regulation would assess de-
vices at this case-by-case level.

Moreover, as low risk, effective devices are developed, these would be available un-
der our proposal and a vigorousmarketwill emerge.Thiswould competewith the ‘black
market’ of DIY and present consumers with a range of choices.

3.3Misuse of public resources and the role of healthcare
De Ridder, Vanneste, and Focquaert raise concerns about the misuse of resources,
which assumes a position markedly different from that which we set out in our pa-
per. They argue, persuasively, that resources should be directed to the most important
causes and that enhancements might not be of a high enough priority to warrant use of
our limited resources. We agree that limited resources need to be allocated carefully,
but our proposal does not threaten such allocation: the devices that would be prohib-
itedunderourproposal areones thatwould certainlynotwarrant significant investment
of public resources, and our proposal leaves open how resources should be allocated
19 See http://www.reddit.com/r/tDCS (last accessedMay 28, 2015).

http://www.reddit.com/r/tDCS
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among those that would be permitted. Perhaps De Ridder and collaborators assumed
us to be advocating the inclusion of CEDs under the healthcare funding arrangements,
but this is not what we envisaged.The extension to the scope of theMDD, aswe recom-
mend it, has no direct implications for the distribution of healthcare resources. Relat-
edly, the authors ask whether the regulation of CEDs requires new regulations regard-
ing who can use them. Again, the answer is for the most part no: our proposals merely
affect what can be placed on the market for consumers to purchase. The only excep-
tion should be restrictions governing the use of CEDs on children or vulnerable adults
through contraindication labeling and the criminal law. In contrast, adult consumers
will not need a prescription to purchase and use CEDs on themselves. Indeed, King,
Gavaghan, andMcMillan provide a compelling argument in their commentary for why
medical practitioners should not serve as gatekeepers to cognitive enhancement.

Also of relevance to the question of the correct place of enhancement in healthcare,
King, Gavaghan, and McMillan suggest that our reference to formally trained practi-
tioners was not developed. We used this phrase in relation to the use of CEDs in chil-
dren and vulnerable adults, since our proposals envisaged that healthy adults would
be able to directly purchase and use CEDs, with no medical intermediary. They ask
whether we envisage a further tier of regulation and raise a number of interesting points
that would need to be addressed if medical professionals or those offering alternative
therapies were to serve as gatekeepers to the use of CEDs in such populations. They
are correct that the regulation of such practice would indeed introduce a ‘further tier of
regulation’, andwe acknowledge that this issuewas not addressed in our original paper.
However, we believe that the scope for the permissible use of CEDs on children may
be limited. Further, neuromodulation offered to vulnerable adults overseen bymedical
professionals will primarily be governed by existing medical ethical guidelines, since
such use is likely to be therapeutic and hence occurs within the clinical domain.

In relation to children, some of us have recently argued that brain stimulation for
‘enhancement’ should not be permitted until roughly the age of 16.20 King, Gavaghan,
andMcMillan are correct that further thought is needed to establish how use in adoles-
cents should be controlled, and with whose oversight. However, ensuring the safety of
devices that might be used for enhancement in children and placing controls on such
use are separate issues and both are important. Whilst our proposals were concerned
with controlling which devices are sold directly to consumers, we agree that the regu-
lation of services, especially those offered to children needs close attention.

4. THE CURRENT EUROPEAN REGULATORY CONTEXT

4.1The root and extent of the regulatory gap
Kuersten and Hamilton object that we fail to cite much law on the remit of the MDD.
The suggestion seems to be that this has left us underinformed. Attempting to clarify
the current regulatory situation, they say that instead of the definition of a medical de-
vice being the significant factor in the non-application of the MDD to CEDs, CEDs
are instead unlikely to fall under the MDD because ‘manufacturers targeting the gen-
eral market are discouraged from intending them “for a medical purpose”’ (which they

20 Hannah Maslen et al., Brain Stimulation for Treatment and Enhancement in Children: An Ethical Analysis, 8
FRONT. HUM. NEUROSCI. 953 (2014).
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arguemanufacturers have ‘considerable latitude’ to do) (p. 344).Manufacturers are de-
terred, they say, because intending that a devicebeused for amedical purposemandates
costlier and more time-consuming requirements. We suggest that this is precisely the
problem:manufacturers should not be able to evade regulation just because they deem
it to be too burdensome. We are fully aware that it is the manufacturers’ intentions—
identifiable from the claims they make in relation to their products—that are instru-
mental in bringing a device within the definition of a medical device. We argue that,
particularly in the case of brain stimulation devices, opting not to fall under the defini-
tion of a medical device should not be a possibility.

However, Kuersten andHamilton suggest thatmanufacturers’ intentionswill in fact
notmatter once a newdefinition comes in to force, whichwill ‘specifically define amed-
ical purpose’. They cite the MHRA’s overview of the current proposals for the current
revision of medical devices legislation, proposals with which we are very familiar.They
quote the document as follows, saying that the definition of medical purpose will ‘re-
move this decision frommanufacturers’:

‘[M]edical device’means any instrument, apparatus, appliance, software, implant, reagent
or other article, intended by themanufacturer to be used alone or in combination, for hu-
man beings for one or more of the specific medical purposes of:. . . investigation, replace-
ment or modification of the anatomy or of a physiological process or state (pp. 343–4).

From this quotation,we suggest that it cannot be seenhow themanufacturer’s inten-
tions become irrelevant; on the contrary, they are referred to explicitly. Further, rather
than the indents definingmedical purpose, the scope of medical purpose is constrained
to the specific instances given in the indents. Indeed, the consultation documents from
the EuropeanCommission and theUK’sMedical andHealthcare Products Agency un-
derscore the continued relevance of the medical/non-medical purpose distinction in
relation to devices that replace or modify anatomy: their proposal of a positive list (in
Annex XV) of implantable or other invasive devices without a medical purpose would
be redundant if any replacement ormodification of anatomywere to constitute amedi-
cal purpose.21 Again, the indents in the definition of amedical device serve to constrain,
rather than define,medical purpose.Thus, we rely not only on theCourt of Justice deci-
sion, but also on the interpretation of theMDDoffered by theMHRAand other Euro-
peanCommission documents. Kuersten andHamilton perhaps think that there should
not be a gap, ormay think that the definitions should be interpreted differently. But the
fact is, given the way the definitions are currently being understood by the relevant par-
ties, it will takemore than the cited revised definition of amedical device to bringCEDs
within the scope of theMDD.

21 For further details and justification of Annex XV from the European Commission andMHRA; see at 29, 116,
171, http://ec.europa.eu/health/medical-devices/files/revision docs/proposal 2012 542 en.pdf (last ac-
cessedMay 28, 2015); see at 10, http://webarchive.nationalarchives.gov.uk/20141205150130/http://www.
mhra.gov.uk/home/groups/comms-ic/documents/publication/con205362.pdf (last accessed May 28,
2015); see at 7, 8, http://www.ipem.ac.uk/Portals/0/Documents/Consultations/Revision%20of%20
European%20Legislation%20on%20Medical%20devices%20All%20responses%20April%202013.pdf (last
accessedMay 28, 2015).

http://ec.europa.eu/health/medical-devices/files/revision_docs/proposal_2012_542_en.pdf
http://webarchive.nationalarchives.gov.uk/20141205150130/http://www.mhra.gov.uk/home/groups/comms-ic/documents/publication/con205362.pdf
http://webarchive.nationalarchives.gov.uk/20141205150130/http://www.mhra.gov.uk/home/groups/comms-ic/documents/publication/con205362.pdf
http://www.ipem.ac.uk/Portals/0/Documents/Consultations/Revision%20of%20European%20Legislation%20on%20Medical%20devices%20All%20responses%20April%202013.pdf
http://www.ipem.ac.uk/Portals/0/Documents/Consultations/Revision%20of%20European%20Legislation%20on%20Medical%20devices%20All%20responses%20April%202013.pdf
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5. CONCLUSION
We were gratified that our paper prompted so much discussion. In reading the com-
mentaries and articulating our responses, it became apparent that the comments and
critiques served foremost to highlight the modest scope of our original proposals.
Whilst we still believe that pre-market approval is highly important for CEDs— espe-
cially for those that transfer energy across the skull—there are many other regulatory
challenges that remain unaddressed. In particular, the challenge of promoting safe use
is not to be underestimated. The further proposals made in these commentaries serve
to set an agenda for continued discussion of the optimum integrated policy response to
CEDs and, indeed, other new and emerging technologies designed for enhancement.
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